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UNITED STATES PATENT OFFICE 
2.399.554 

TRANSMISSION AND FLUID PRESSURE 
CLUTCH MECHANISM THEREFoR 

William T. Livermore, Grosse Pointe, Mich. 
Original application º December 24, 1937, Seria 

No. 18,679. Divided and this application May 
23, 1940, Serial No. 336704 

(C. 92-0) 23 Claims 

This invention relates to transmissions for use 
with automotive vehicles and is particuliariy con 
cerned with fluid pressure actuated clutches and 
control means therefor adapted for use in a type 
of transmission which is automatically Operated 
by a fluid pressure mechanism, thereby eliminat 
ing the necessity for manual gear shifting. 
This application is a division of my co-pend 

ing application, Serial No. 18,679, filed December 
24, 1937. Certain fundamental features of al 
tomatic transmissions have been developed by ray 
self and are disclosed in United States issued 
Patents 2,019,146, 2,00,810, 2,103,540 and 2,20,- 
104. The present embodiment, although it in 
cludes certain features disclosed in my other ap 
plications, is a development which has been the 
direct result of a considerable amount of addi 
tional research and experimental work. The pres 
ent transmission clutch and control units are 
designed with consideration for size and arrange 
ment, thereby to provide a compact unit compar 
able in size with standard manually operated 
ünits. & 

Several of my earlier designs of transmissions of 
the type described in the aforementioned patent 
applications, comprise a plurality of constantly 
meshed gear trains one for each of the gear ratios 
desired, there being an individual clutch to con 
nect each individual gear train for operation. For 
automatic operation of this type of transmission 
a fluid pressure mechanism was used to actuate 
the clutches, this mechanism being under the con 
trol of a unit which was actuated by the com 
bined effect of members movable in proportion to 
vehicle speed and engine output. 
The present invention, while employing many 

of the fundamental features which were described 
and claimed in any previous applications, provides 
novel and important improvements thereon in 
both the clutch arrangement and in the fluid pres 
sure mechanism for automatically operating the 
transmission. The gear and clutch unit in my 
improved design is considerably simplified both 
in number of parts and manner of operation, there 
being two separate clutches of such size and ar 
rangement that they may be housed in the fly 
wheel in substantially the same space as the pres 
ent day conventional clutch unit. These two 
clutches are sufficient to provide automatic opera 
tion for three forward speeds by the provision of 
an automatically operated shifting device which 
changes the gear ratio of the gear train connected 
to one of the clutches while the other is in opera 
tion. This automatic gear shifting mechanism 
preferably includes a so-called synchronizer unit 
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which brings one rotating member up to the rota 
tive speed of another before effecting a connec 
tion between them, thus completing the connec 
tion without objectionable clashing. An auto 
matic means of operating this synchronizer is 
combined to act in timed relation with the all 
tomatic mechanism for operating the two clutches 
in the fiywheel. All of the above transmission 
mechanism is particularly adapted for automatic 
operation by fluid pressure mechanism to which 
novel additions have been made Over any previ 
ously designed units. 

It is a primary object to provide a fluid pressure 
operated clutch actuating unit which will be effec 
tive to prevent too sudden release of the clutch 
by provision of means to control the flow of fluid 
on release of pressure from said clutch control 
unit. Such a type of control (1) prevents jerky 
shifting due to sudden release of the driving 
torque; (2) holds the engine speed down during 
the time when the change in gear ratio is made; 
(3) prevents ful release of the driving torque dur 
ing the period when change in gear ratio is being 
effected. 

It is a further object to provide for clutch opera 
tion by fluid pressure actuated mechanism react 
ing and contained in a member rotating with the 
clutch, the rotating member being supported for 
rotation in a stationary housing, which housing 
also has means provided therein for feeding fluid 
under pressure for operating the clutch. 

It is another object to provide fluid pressure 
operated mechanism having the advantageous 
feature of rotation with the clutch with means for 
preventing fluid used to actuate said fluid pressure 
mechanism from reaching the contacting parts of 
said clutch. 

It is a further object to provide a mounting for 
a fluid pressure operated clutch operating menn 
ber fiexibly supported in the housing relative to 
the clutch and relative to the other parts of the 
transmission, thereby to allow for misalignment 
of parts. 

It is another object to provide fluid pressure 
mechanism for operating the clutches, rotating 
with said clutches and flexibly supported rela 
tive to the transmission and clutch mechanism, 
said rotating mechanism also being used to carry 
a journal for a sleeve which connects one of the 
clutches with certain of the transmission gearing. 

It is another object to provide means for pre 
venting the fluid pressure operating mechanism 
from changing the clutch connection before the 
synchronizer unit which has started its movement 
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has effected positive connection between the ro 
tating parts. 

It is another object to provide a gear chang 
ing mechanism of the type employing a syn 
chronizing means for bringing rotating parts to 
the same rotative speed before effecting positive 
connection thereof, with automatic means for Op 
erating said mechanism including means to effect 
a pause in the movement of the actuating mecha 
nism during the time the parts are being brought 
to the same rotative speed, followed by a rapid mO 
tion of the actuating mechanism to complete the 
positive connection 

It is a further object to provide a fluid pres 
sure mechanism for Operating a gear changing 
mechanism of the Synchronizing type which 
will produce a desired variation in the rate of 
movement of its operating parts by control of 
the flow of fluid under pressure, 

It is another object to provide for the control 
of a gear changing mechanism of the Synchro 
nizing type using fluid preSSure for its operation 
so arranged that the full pressure available in 
the fluid pressure System will be effective to 
actuate the mechanism, means being provided 
to drain of fluid which leaks past the actuating 
parts, thereby to prevent building up of pressures 
in other parts of the System which would oppose 
movement of said actuating parts. 
The above and other objects of the invention 

will appear more fully from the following de 
tailed description of a practical embodiment of 
the invention and by reference to the accom 
panying drawings forming a part hereof and 
Wherein: 

Fig. 1 is a vertical section through a completely 
assembled transmission unit showing the gen 
eral arrangement of the several parts. 

Fig. 2 is a diagrammatic view showing par 
ticularly the arrangement of the fluid pressure 
mechanism for automatic operation of the trans 
mission unit. 

Fig. 2a is a view taken substantially on the 
line 2a-2a of Fig. 1 showing particularly the 
position of the fluid pressure control mecha 
nism housing at the side of the transmission 
unit. 

Fig. 2b shows mechanism for producing slow 
er Operation of the tranSmission When the toe 
button control is actuated to shift the trans 
mission to a lower speed. 

Fig. 2C shows mechanism used to assure rapid 
build-up of pressure during the first part of the 
time used to actuate the clutches followed by a 
slow build-up of pressure near the end of the 
time required to actuate the clutches, 

Fig. 3 is a section taken substantially on the 
line 3-3 of Fig. 2a and shows a section through 
the fluid pressure control unit and discloses in 
partial detail the accumulator piston, the pres 
Sure control valve, the Selector valve and the 
differential ever. 

Fig. 4 is a horizontal section taken substan 
tially on the line 4-4 of Fig. 2a and shows par 
ticularly the mechanism for automatic opera 
tion of the synchronizer unit. 

Fig. 4a is a view of the synchronizer operat 
ing piston and cylinder and shows particularly 
the fluid pressure conduit system for operating 
this unit. 

Fig. 5 is a vertical section taken substantially 
on the line 5-5 of Fig. 3 and shows a cross 
Sectional view of several of the fluid pressure 
contro unitS. 
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2,899,554 
Flg. 6 is a fragmentary sectional view taken 

Substantially on the line - of Fig. 3 and shows 
an end view of the lever mechanism shown in 
the side view of Fig. 3. 

Fig. 7 is a top fragmentary sectional view 
taken substantially on the line 7-7 of Fig. 1 
and shows a part of the connecting linkage be 
tween the vehicle speed responsive governor 
and the differential lever. 

Fig. 8 is a fragmentary section taken sub 
stantially on the line 8-8 of Fig. 7 and shows 
further details of a part of the linkage con 
necting the governor and the differential lever 
as well as the shifter forks for operating the 
Synchronizer unit and reverse drive. 

Fig. 9 is a view intended primarily to show 
the means for rendering the automatic gear 
shifting mechanism inoperative when the trans 
mission is set in reverse drive position, the view 
showing the parts as they would be seen from 
the top of Fig. 8 with a portion of the housing 
removed and also partly broken away. 

Fig. 10 is a section taken substantially on the 
line 0-0 of Fig. 7 and shows details of the 
lever mechanism connected with the governor 
COintrol. 

Fig. 11 is a section through a clutch plate and 
facing showing a resilient mounting between a 
clutch plate and its facing. 

Fig. 12 is a view taken substantially on the 
line 2-2 of Fig. 11 and shows further details 
of the resilient member between a clutch facing 
and a clutch plate. 

GENERAL ARRANGEMENT 
Referring to Fig. 1, there is shown a section 

through a transmission disclosing the general ar 
rangement of the gear and clutch unit together 
with a portion of the fluid pressure mechanism 
and Controls. 
The general Scheme of the arrangement shown 

in Fig. 1 requires two clutches to, f f, which are 
enclosed Within a fly-wheel 2, the combined de 
sign of fly-wheel and clutches being so worked 
out that the size of the fly-wheel unit is not in 
creased unduly by the addition of the two 
clutches. By a fluid pressure mechanism des 
ignated generally as 3 which is designed to ro 
tate with the fly-wheel the clutches fo and 
are actuated to either connect the engine driven 
fly-wheel 2 to a main shaft 4 or to a sleeve 5. 
The sleeve 5 has a gear 6 attached at its outer 
end. The main driving shaft 4 extends entirely 
through the transmission and, therefore, when 
the engine driven fly-wheel is directly connected 
With shaft f4 by means of the clutch if a direct 
drive is effected. Normally free to rotate upon 
shaft 4 are provided two gear units, 7 and 8, 
which may be selectively connected to rotate posi 
tively with shaft 4 by means of synchronizer unit 
9. A counter-shaft 2 is provided below the 
main shaft 4 and has mounted thereon a gear 
22, which is constantly meshed with gear 16 of 
the sleeve 5. Also mounted on counter-shaft; 2 
and formed integral with gear 22 is a gear 23 
which is in constant mesh with gear 7, which 
may be connected with drive shaft 4 by syn 
chronizer 9. Gear unit f8 is of spool shape and 
has two gears at the ends thereof, namely 24 and 
25. Connected to counter-shaft 2 by suitable 
splined connections so as to rotate therewith, but 
free to slide lengthwise thereof, are a pair of 
gears 26, 27, adapted to be actuated for sliding 
movement by fork 28, a portion of which is shown 
in Fig. 1. When the gear unit 26, 27 is moved 

8. 



2,899,554 3 
to the right along ashaft 2, as shown in Fig. , 
the gear 26 will mesh With the gear 24 and on 
stil fUrther movernent, toWard the right, the gear 
2 will mesh with the gear 25. 
. As the gear and clutch set-up is shown in Fig. 
1, and using the parts above described, the de 
vice operates Substantially as follows: For low 
gear, the gear unit 26, 2 is moved to maximum 
distance to the right so that gear 25 is in mesh 
with gear 27. The clutch í0 is actuated by the 
fluid pressure mechanism, later to be described, 
and the engine driven fly-wheel 2 is thereby con 
nected with the sleeve 5 causing rotation of the 
gear 6. The gear 22 is driven by gear S and ro 
tates shaft 2, carrying gear 2 which meshes 
with gear 25 on shaft . Since at this time the 
Synchronizer 9 has been moved to connect gear 
unit 8 and gear 25 to the shaft , the drive is 
completed. 

For second speed, the gear 2 is first put in 
mesh with gear 24 and the same gearing above 
described effects second speed. For trafic driv 
ing the manually moved gears 26, 2 are left ina 
position so that the gear 26 is meshed with the 
gear 24. The automatic control of the device is 
used to change the gearing from the normal sec 
ond speed to direct drive and then to over-drive. 
This is accomplished by a fluid pressure unit 
which moves the synchronizer 9 in timed rela 
tion with the fluid pressure unit which engages 
and disengages clutches it and at the proper 
tine. 
The shift from second speed, to the next higher 

ratio of direct drive is effected by the fluid pres 
stare mechanism first actuating the ciutch to 
connect the fly-wheel 2 directly with the shaft 
4 and releasing clutch fo, thereby renoving the 
diriving load from the low gear train and syn 
chronizer and applying it directly to the shaft li. 
The next step is to actuate the synchronizer 9 
by moving the collar thereof toward the left as 
shown in Fig. 1. This movement disconnects the 
gear unit 8 from the shaft 4 and effects con 
nection of gear 7 to said shaft 4. 
The change from direct drive to over drive is 

effected by disconnecting clutch if and connect 
ing cutch i 0, the synchronizer 9 having been 
previously actuated to connect the gear to 
the shaft 4. The drive then is through sleeve 5, 
gear 6, gear 22, gear 23, gear and out through 
shaft 4. 
The arrangement of clutches and gearing 

makes it possible to have clutches which are en 
gaged alternately to establish driving connection 
through various drive ratios and means for auto 
matically altering the ratio through one of them 
while the drive is through the other. 

It is understood that the automatic mechanism 
for effecting these changes is controlled by other 
automatic units later to be described but the pres 
ent description is for the purpose of showing the 
general scheme of gear, clutch and synchronizer 
Set-up. . 
The movement of the gears 26 and 2 along 

shaft 2 is intended to be manual and there is 
also provided a reverse counter-shaft 29, with 
a suitable gear 29a (Fig. 8), with which gear 26 
may be meshed by movement toward the left 
from the position shown in Fig. 1. Therefore, 
with the manual movement of the gear unit 26, 
27 along counter-shaft 2 it is possible to effect 
reverse drive or to set up the unit for starting 
in either low or traffic second speed. For ordi 
nary city traffic driving, the unit would be left 
in the Second speed position and automatic opera 

altior. WOuld be efected from second through di 
rect drive and then into over drive, thus afford 
ing three attornatic speeds. It is, of course, ap 
parent that the gear unit could be designed to 

5 provide three automatic speeds of any desired 
ratio with possibility of changing one of these 
speeds to a different ratio by manual operation, 
and, in addition, to provide a manually controlled 
eVerSe - 

10 It is particularly to be noted that this trans 
mission set-up makes it possible to disconnect 
the lower drive ratio gears from the propeller 
shaft when the higher ratio gears are in opera 
tion, thereby eliminating the idle running of the 

5 low speed clutch and gearing at excessive speeds 
during high speed operation. This feature is 
noted with reference to Fig. where it is appar 
ent that when the unit is in over-drive position, 
where it remains for a major portion of the time, 

20 the gear unit 8 will be disconnected from shaft 
4. Gear unit 8, shaft 2 and gears 22, 23, 26 
and 2 are then driven at relatively low speeds 
through gear . 
As shown and described, the transmission pro 

25 vides three forward speeds adapted for automatic 
operation with a fourth ratio available with a 
manual shift. Obviously the three speeds for au 
tomatic operation might be selected at a differ 
ent ratio than herein shown without change in 

30 principle, 
As previously mentioned, the mechanism for 

operating the clutches and of the transmis 
Sion is noted for rotation with the fiy-wheel 
and clutch unit. The mechanism is fluid pressure 

35 operated and comprises a plurality of pistons 
and cylinders mounted in a member 30 which is 
of Such shape as to be mounted upon and Sur 
round the sleeve member 5, a projecting circular 
portion of the member 3 providing space for six 

40 horizontally disposed cylindrical openings, three 
of these cylinders with Suitable pistons being 
used for actation of the clutch and the other 
three being used to actuate the clutch . The 
member 30 is Secured to rotate with the fly-wheel 

45 2 and secured from endwise movement by screw 
30a, shown in Fig. 1. The six cylinder and piston 
units may be spaced around the member 3 in 
any suitable position so that three equally spaced 
lever units for each clutch may be actuated. 

50 There is shown in Fig. 1 one cylinder unit 3 for 
actuating the clutch 0 and also one of the three 
cylinders 32 for actuating the clutch . It is 
understood that the other two units of each set 
are of similar construction. Considering the ac 

55 tuating unit for clutch 10, a piston 33 is mounted 
in the cylinder 3 with suitable connections to a 
ever 34 which is pivoted at 35 and actuates a rod 
36 connected with the clutch C, as shown. It 
istherefore apparent om inspection of Fig. 1 that 

60 a movement of the piston 33 toward the left will 
move the connecting linkage in such direction 
as to engage the clutch fo and thereby connect 
the engine driven fly-wheel 2 to rotate sleeve fS. 
Similarly, the other set of cylinders will actuate 
the clutch fi through a piston 37, a lever 36 piv 
oted at 39, and a connecting rod O. It is noted 
that the lever 38 is so pivoted relative to the rod 
40 that movement of the piston 37 pushes the 
rod 40 toward the left, as shown in Fig. 1, which 

70 direction of movement actuates the clutch fi and 
connects the fly-wheel 2 to rotate the shaft 4. 
It is an important feature of the above described 
construction that the endwise reaction from the 
pistons is transmitted to the fly-wheel through 

is the connection effected by the set screw 30a and 
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member and connects to the sump. The drilled 
opening 6l is so positioned when groove 57 com 
nects conduits 52 and 58 as to align with a 
conduit 62 which is connected to a cylinder 59a 
for Operation of another clutch operating piston 
22. The alignment of opening 6 with conduit 
62 connects cylinder 59a with the sump and 

releases all pressure therein and it follows that 
the clutch which is operated by the piston 22 
must then of necessity be disengaged. 

It is noted that the conduit 52 is provided with 
a restricted opening for the purpose of effecting 
a slow engagement of the first or low speed clutch 
to simulate the conditions found most advanta 
geous for this operation. 
Also provided in the selector valve member 56 

is a drilled opening 64 which is more restricted 
than the similar opening 6. Like the opening 
6, the opening 64 connects the outside of the 

selector valve member 56 with its hollow central 
portion and is so positioned that when the se 
lector valve member 56 moves upwardly the 
drilled opening 64 is in alignment with the 
conduit 58 leading to the cylinder 59 of the 
first speed clutch piston 2. This connection 
results in the release of pressure in said cylin 
der i 59 through the restricted opening 64 there 
by effecting a slow release of the first speed 
clutch. The same upward movement of the se 
lector valve member 56 causes the annular 
groove 5 to come in alignment with the con 
duits i 62 and 53, thereby effecting a connection 
between these two conduits and allowing fluid 
under pressure from conduit 46 to be admitted 
to conduit 62 and thence into cylinder. 59a to 
actuate piston 22 which engages the Second 
speed clutch. By the movement of the selector 
valve member 56 just described there has been 
effected a reversal of the clutches, i. e., clutch 
operating piston f2 f has thrown its clutch out 
of engagement and clutch operating piston 22 
has had the pressure admitted to its cylinder to 
engage the clutch attached thereto. ·? 
As the car increases in Speed the control mech 

anism continues to move the selector valve in an 
upward direction. Adjacent the last mentioned 
drilled opening 64 in the selector valve 56 
there is provided an annular groove 66 which is 
similar to the groove 5 but of greater length. 
The groove 66 is of such length and position 
that when its upper edge comes into alignment 
with the conduit 58 it bridges the conduits 5 
and 52 so that there is an unrestricted flow of 
fluid under pressure into the conduit 58 to 
again actuate the piston 12, this time for a 
third or highest speed operation, the ratio of the 
gearing having been changed by the operation 
of the shifter fork 23 in a manner which will 
be explained presently. The reason for the 
bridging of the conduits 15 and 52 by the 
longer annular opening 66 is because it is not 
desired to have the inlet of fluid under pressure 
to actuate this clutch for third speed to be a 
restricted or slow movement as was the case 
when the same clutch was previously actuated 
from the conduit 52 alone for first speed. The 
same movement of the selector valve member 56 
which bridges the conduits 5 and 52 by annu 
lar opening 66 and connects them with conduit 
58, places the restricted outlet conduit 64 in po 

sition to release pressure from conduit 62, there 
by effecting a gradual release of piston 22 and 
the clutch connected therewith. The positioning 
of the various annular grooves of the Selector 
valve and the provision of restricted and unre 
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stricted openings positioned as above described 
results in a proper timing of the operation of the 
clutches by providing the required amount of 
overlap between the actuation and release of 
consecutively operated clutches, thereby prevent 
ing both racing of the engine and objectionable 
jerking of the car. 
There has been described above the mecha 

nism which first actuates the first speed clutch, 
then throws it out of engagement and actuates 
the second speed clutch, then releases the second 
speed clutch and actuates the first mentioned 
clutch a second time, this time for third speed 
operation. The mechanism for operating the 
synchronizer which makes it possible to change 
the gearing connected with the first and third 
speed clutch so that this clutch may be used for 
the dual purpose mentioned will now be con 
Sidered. 

Synchronizer operating mechanism 
The fluid under pressure for the actuation of 

the synchronizer operating mechanism does not 
come through the pressure control valve as does 
that used for actuating the clutches, it being un 
necessary when shifting this unit to change the 
pressure for varying diegrees of throttle opening. 
For effecting this result a conduit il leads di 
rectly from the accumulator chamber 27 and 
connects with the conduit T2 which leads to two 
selector valve inlet ports T3 and 74. Fluid 
under pressure from the accumulator chamber 
is thus made available at the selector Valve. In 
the position shown in Fig. 2, pressure from the 
conduit T4 is being allowed to enter a conduit 

6 because of the alignment of an annular 
groove 77 in valve member 56 with the con 
duits 3 and 6. At the same time a drilled 
opening T8 leading into the center of the se 
lector valve member 56 is placed in communica 
tion with a conduit 9, thereby connecting said 
conduit 79 with the sump and releasing all pres 
sure therein. As shown in Fig. 2, conduit 6 
leads to one end of a cylindrical chamber 8, the 

in a direction toward Said chamber. 

50 

O 

s 

conduit having means to provide a restriction to 
flow in the direction away from the cylindrical 
chamber 8 but to allow free passage of fluid 

This re 
sult is accomplished by a star-shaped orifice 
member mounted in the conduit as indicated at 
82 so that movement of fluid in the direction 

toward the chamber 8 allows the Orifice men 
ber to lift off its seat and allow free passage of 
the fluid under pressure, while in the opposite 
direction the orifice member is seated and pro 
vides a restriction in the conduit 6. 
The conduit 9 previously mentioned leads to 

the opposite end of the cylindrical chamber 8 
and is similar in shape and configuration to con 
duit. I 16, there being an oirifice I83 Similar to 
82 which provides restriction to flow away from 

cylindrical chamber 8 and unrestricted flow 
toward said chamber. A Synchronizer operating 
piston 84 is mounted for reciprocation in cylin 
drical chamber 8 and by its reciprocation 
moves the synchronizer operating shaft 85 on 
the end of which is mounted the previously men 
tioned synchronizer shifter fork 23. From the 
general lay-out just described, and by reference 
to Fig. 2, it is apparent that the piston 84 is 
moved in one direction by admission of fluid un 
der pressure through conduit 19 and in the op 
posite direction by admission of fluid under pres 
sure through conduit 6. When one of these 
conduits is connected to the pressure line, the 
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other must of necessity be connected to the Sump 
so that oil in the low pressure end of the cylinder 
will be allowed to flow out. For the purpose of 
controlling the movement of the piston B4 the 
previously mentioned orifices 82 and 3 act 
in such manner that there is a restriction to flow 
of fluid out from the cylinder 8 while the fluid 
under pressure entering the opposite end of the 
cylinder is always allowed to enter unrestricted. 
This feature is considered important since it al 
lows control of the rate of movement while still 
maintaining full pressure on one end of the pis 
ton. In this connection an important and novel 
feature has been incorporated in the design of the 
Synchronizer operating piston by provision of an 
annular groove 84a around the central portion 
of the piston, this annular groove being drained 
to the Sump through an opening 84b in the cas 
ing of cylinder 8 ft. It has been found that such 
a construction is very advantageous. Since the 
control of flow is effected by a restricted orifice on 
the outlet side of the piston, if fluid under pres 
sure from the inlet side should leak past the pis 
ton it would have a direct effect on the rate of 
movement of the piston, and would produce a 
back pressure against the outlet side of the pis 
ton. However, if leakage from the inlet side is 
drained off at the center, the restricted outlet is 
free to control the movement without any detri 
mental build-up of pressure by leakage past the 
piston. In this way full pressure from the inlet 
to move the piston is assured, whereas if the leak 
age were allowed to build up on the Outlet side, 
the full inlet pressure would not be available be 
cause it would be partly offset by leakage pressure 
on the opposite side of the piston. 

Considering the operation of the Synchronizer 
shifting unit in connection with the mechanism 
for operating the clutch pistons 2 and 22, pre 
viously described, it is apparent because of the 
positions of groove TT and drilled opening 78 
relative to conduits 7 and T9 that the syn 
chronizer operating piston will be subjected to 
pressure such as to hold it in the position shown 
in Fig. 2 until the selector valve has moved up 
wardly by increase of car speed a distance suffi 
cient to bring drilled opening in alignment 
with conduit T6. When this position is reached 
the pressure line previously connected with con 
duit. iT6 wil be cut of and drilled opening ITS 
will connect conduit 76 with the sump and re 
lease pressure therein while a second annular 
groove 86 will connect the pressure line with 
conduit S. Because of the admission of fluid 
under pressure through said conduit to the lower 
end of cylindrical opening 8, the piston 84 will 
be moved in an upward direction carrying with it 
the synchronizer operating shaft f85. 
The ports and grooves of the Selector valve for 

operating the clutches and the Synchronizer are 
so positioned relative to each other that on up 
ward movement of the valve member 56 the 
previously described release of pressure on piston 
f2 and the admission of pressure to piston 22 
are both effected before the pressure is reversed 
On the Synchronizer cylinder to start its move 
ment in the opposite direction. When these 
changes in pressure flow have been accomplished 
and the synchronizer piston started on its travel 
it is necessary that pressure conditions remain 
unchanged until the shift of the synchronizer is 
completed, because power applied by the clutch 
engaged by piston 2 is transmitted through the 
synchronizer, and should this clutch be engaged 
while the synchronizer is in motion, damage would 
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result. Satisfactory operation is assured by the 
provision of interlock pins 87 and 88 which 
serve to hold the selector valve member 56 from 
further movement until the synchronizer piston 
has reached its maximum movement and com 
pleted its work. Two recesses 89 and 90 in the 
synchronizer operating shaft 85 are positioned 
to allow the pins 8 and 88 to move backwardly 
away from annular projections 9 and 92 when 
the Synchronizer shaft 85 reaches the end of 
its travel. The two interlock pins 87 and 8 
are spaced as shown in Fig. 2 for the reason that 
one of them acts when the synchronizer move 
ment is in one direction and the other when the 
mOWement is in the opposite direction, the rela 
tive positioning of the pins and the projections 
being such as to effect the required fixed position 
ing of the selector valve during the time necessary 
to complete the synchronizer shift. When the 
Synchronizer operating shaft comes to the end of 
its travel in either direction, pin 87 or 88 drops 
into the slot and away from the projection against 
which it has been riding, and the selector valve 
is again free to move and on further upward 
movement will change the alignment of the drilled 
openings 6 or 64 and the annular groove 57 
to reverse the pressure conditions in the conduits 
f5 and 62, thereby to put the opposite clutch 
2 in operation for effecting the third forward 

speed. 
A control cable unit 93 is used to connect the 

sliding member 36 of the previously mentioned 
jet changer 34 with the end of the synchronizer 
operating shaft. By this connection the large 
less restricted opening 37 is placed in position for 
communication with the conduit 33 when the 
Synchronizer is in position for low speed, as shown 
in Fig. 2, while in the opposite position of the 
Synchronizer the action of the control cable is 
to move the sliding member 3 of the jet changer 
to place the more restricted opening 38 in posi 
tion for operation in the conduit 33, the effect 
of which will be to provide a slower shifting action 
for shifting down from third to second speed then 
up from first to Second. The purpose of this 
arrangement is to provide an interval of time 
during the shift from third to second to permit 
the engine to accelerate to a proper speed to drive 
the car in Second. If the shift is completed too 
Soon, the car will drive the engine momentarily, 
producing an unpleasant drive reversal or "back 
lash.' The desired result is accomplished by the 
jet changing device without delaying the shift 
from first to Second, which must be made 
promptly to prevent the engine from racing un 
duly during the shift. It is to be noted that when 
shifting from a high gear to a lower one, the 
engine must increase its speed, whereas when 
shifting from a low to a higher gear the engine 
speed must be decreased by the clutch applica 
tion. The jet changer connected as shown pro 
vides proper time intervals for the up shift from 
first to second and the down shift from third to 
Second. Its effect on the other shifts is rela 
tively unimportant. 

Further details of the Synchronizer operating 
piston and its spring connected synchronizer op 
erating shaft 85 will be considered when the 
actual unit is described in another section. It 
is also to be understood that the term "synchro 
nizer' as used in the above description might well 
include several different types of mechanism for 
changing gear ratio by a transverse shift of a 
member such as shown at 23. 
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In the upper portion of Fig. 2 there are shown 

certain control mechanisms. The general ar 
rangement of the control for actuating the selec 
tor valve by the combined or differential action 
of vehicle Speed and throttle control position, 
(although including certain additional and novel 
features, is similar to that described in my co 
pending application, Serial No. 603,823. There is 
shown in Fig. 2 a governor 94 driven at vehicle 
Speed which actuates one end of a differential 
lever 96 and a throttle and foot accelerator unit 
which through rod 95 actuates the opposite end 
of the differential lever 96. The lever 96 is 
pivoted on the selector valve control rod 19T and 
thereby the selector valve is positioned by the 
differential effect of throttle control position and 
vehicle speed, 
The carburetor and throttle unit of the engine 

is shown at 98 with connection to the throttle 
for both hand operation and foot accelerator. 
The connection between the accelerator pedal and 
the throttle is effected by a rod 60 in which is 
incorporated a thermostatic element 6. The bell 
crank lever 62 connects the rod 60 with the ver 
tical rod 95 which connects with the differential 
lever 96. The use of the thermostatic element 
6 in the connection between the throttle and 
the differential lever, as above outlined, provides 
an automatic adjustment for variation with tem 
perature which is very important for use with 
hydraulic operated transmissions depending on 
the throttle for control. In the present case the 
throttle being connected to actuate one end of the 
differential lever 96 and secondarily connected 
to actuate the pressure control valve through rod 
42, the thermostatic element 6 will vary the 

relative position between the throttle and the 
units it controls. 
With the use of the throttle as one of the ele 

ments for controlling the automatic transmission 
it follows that the operation of the accelerator 
pedal 62 will automatically operate the fluid pres 
sure Control system for the transmission, and it 
can be imagined that this would not be always 
desired. In Order to provide an independent con 
trol of the engine throttle which will not also op 
erate the transmission control mechanism, a sep 
arate hand throttle unit 80 is provided, as shown 
in the upper portion of Fig. 2. This hand throttle 
control is connected to a separate throttle lever 
8 by control cable 82. The lever 8 actuates the 
throttle without moving the rod 60 or the ac 
celerator pedal and its connection 95 to the 
transmission operating mechanism. There is 
thereby provided an independent control of the 
engine throttle. 
A clutch pedal 99 is shown with a lever 200 

attached thereto for manual actuation of the ac 
cumulator piston 28. By inspection of Fig. 2 
it is apparent that downward pressure on the 
clutch pedal such as normally would be used to 
throw out the clutch in a conventionally con 
trolled car will result in moving the accumulator 
piston upward a sufficient distance to open the 
by-pass 29 and release pressure from the ac 
cumulator chamber 27 and therefore release the pressure in the system and disengage any clutch 
which may be in engagement. In other words, 
the same result as in conventionally controlled 
cars is accomplished by the downward pressure of 
the clutch pedal, i. e., the throwing out of the 
clutch. . . . . . 
The connection of the clutch pedal to the ac 

cumulator piston serves another purpose, namely, 
that of an auxiliary pump for emergency opera 
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tion when required. This result is accomplished 
by working the clutch pedal up and down and 
thereby reciprocating the accumulator piston f 28. 
Because of the provision of a check valve 20 oil 
is drawn into the accumulator chamber 27 from 
the sump and the pressure increased in the 
chamber to a sufficient amount for emergency 
Operation of the device, 

Near the accelerator pedal in Fig. 2 there is 
shown a second and first gear toe-button 202 
which is used to hold the upper end of the selec 
tor valve control rod in position so that it will not 
shift out of second or first gear as may be desired 
depending upon the amount of movement given 
to the toe-button 202. 
As shown in Fig. 2b, it is intended to incorpo 

rate with the toe-button control 202 a means to 
change the rate of clutch application for the pur 
pose of effecting a slower build-up of pressure 
when the shifting by means of the toe-button is 
from a higher speed to a lower speed, such as is 
the condition when shifting down to the second 
speed position to use the second gear for the pur 
pose of retarding the motion of the car. As 
shown in Fig. 2b, this is accomplished by two 
sizes of jets interposed in the fuid pressure sys 
ten and controlled by the rod 63 which is actu 
ated by the movement of the toe-button 202. 
The conduit 67 leads from the accumulator cylin 
der and branches into conduits 65 and 66 which 
are connected with the vertical opening 68, the 
outlet to the pressure control valve being shown 
at 69. The rod 63 controls a piston member 64 
which covers an unrestricted opening in conduit 
65 and forces the liquid to go through a restricted 
jet 66. Therefore, whenever the toe-button 202 
is depressed to hold the transmission in the sec 
Ond speed position the piston 64 will cover the 
unrestricted opening and force the fluid pressure 
to flow through the restricted jet 66 and there 
fore produce a slower operation of the trans 
mission. 
Although in Fig. 2b the rod 63 which controls 

the closing of the unrestricted opening 65 is 
shown operated by the toe-button 202, such a unit 
might also be set up to be actuated by the vehicle 
speed governor and when so connected would pro 
vide means to assure slower operation of the fluid 
pressure actuating mechanism at higher vehicle 
speeds thereby increasing the time required for 
clutch application at the higher speeds. The unit 
shown in Fig.2b actuated by the governor would 
be in a position to furnish unrestricted flow of 
fluid under pressure at low speeds, but as the 
speed of the governor increased would close the 
opening 65 and thereby require slower operation 
by forcing the fluid under pressure to go through 
the restricted opening 66. Similarly, it might be 
possible to actuate the unit by means of a ther 
mostatic element and thereby vary the time re 
quired to actuate the clutches in proportion to 
temperature conditions. 

It has been found in operation of fluid pressure 
transmissions of this type that it is important to 
provide means between the pressure control valve 
and the selector valve to allow the pressure to 
build up very quickly at the beginning of any 
clutch application, but as the maximum pressure 
actuating the clutch is approached it is very ad 
Wantageous that the pressure then build up more 
slowly. This is accomplished by the mechanism 
shown in Fig.2c wherein conduit marked 70 leads 
from the pressure control valve and branches into 
conduit f having a large opening provided with 
a ball check valve 72 retained by a spring 73. 
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The other branch of the conduit a contains a 
restricted orifice 4. The two branched conduits 
both connect into the conduit 75 which leads to 
the selector valve. In the branched conduit 
in which is incorporated the large orifice and the 
spring retained ball check valve, the spring 3 is 
so selected as to hold the check valve closed to 
a pressure a little under the maximum pressure 
which is desired. Therefore, at the beginning of 
any pressure change the high pressure which is 
naturally thrown into the conduit T will hold the 
ball check valve T2 open and allow flow through 
the unrestricted opening and the pressure will 
therefore build up quickly. However, as the pres 
sure builds up in the conduit 75 and the maxi 
mum pressure is approached the spring 73 will 
cause the bell check valve to be closed and force 
the flow to go through the restricted jet 4 and 
therefore during the remaining time of the build 
up to the desired maximum the change will be a 
slower One. 
DETAILS OF MECHANISM FOR AUTOMATIC OPERATION 
The basic features of the fluid pressure mecha 

nism for automatic operation have been described 
in connection with the diagrammatic disclosure 
in Fig. 2. However, for the purpose of demon 
strating the actual application of my ideas to a 
practical structure and also to disclose certain 
additional novel features of the device, there is 
shown in the drawings and described hereinafter, 
a mechanism suitable for actual Operation and 
assembly with the transmission unit shown in 
Fig. . 
The mechanism will be described under the fol 

lowing headings: 
(a) Fluid pressure plump; 
(b) Accumulator; 
(c) Pressure control valve; 
(d) Selector Valve and connections to actuat 

ing units; 
(e) Synchronizer control cylinder and control 

parts to connect with Synchronizer; 
(f) Synchronizer and selector valve interlock; 
(g) Governor; 
(h.) Controls from governor and throttleto dif 

ferential lever; 
(i) Reverse interlock; 
(i) Clutch operating mechanism and support in 

transmission housing; 
(k) Details of clutch construction to adapt for 

automatic operation. 
(a) Fluid pressure pump 

Referring to Figs. 1 and 5, it is noted that a 
fluid pressure pump numbered 50 is mounted in 
the lower central portion of the transmission 
housing. This pump, as shown in Fig. 1, has at 
tached to its shaft a gear 5 which is driven from 
a gear 52 attached to a sleeve extension of the 
rotating housing provided for fluid pressure 
mechanism 3. This entire unit, it will be re 
membered, rotates with the engine driven fly 
wheel f2 and therefore rotates at all times when 
the engine is operating. The detailed construc 
tion of the pump, which is of the vane type, will 
not be considered in detail here as it forms no 
part of the present invention. 
The outlet from the pump 50 is connected by 

a conduit 200 to discharge fluid into accumulator 
cylinder 207 (Fig. 5). 

(b) Acc2umulatitOr 
Referring to Fig. 3, a piston 209 is mounted in 

the accumulator cylinder 207 above mentioned. 
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action of the pump the pressure causes the piston 
2 to react against a spring 2 mounted behind 
? piston between suitable abutments 22 and 
sufficient to move piston 209 past an opening 26 
(see Fig. 3) the fluid is by-passed back through a 
conduit 27 which is connected with the sump. 
The result is that the pressure in the accumulator 
cylinder is maintained at a pressure determined 
by spring 2 and when such pressure exceeds a 
definite amount the fluid is by-passed to limit 
the pressure accordingly. 
As shown in Fig. 3, there is provided a shaft 

24 which is secured to the piston. 209 and pro 
jects outwardly of the housing as shown. When 
suitable actuating means are provided for this 
shaft it is possible to use the accumulator piston 
as an auxiliary pump. For such use the piston 
is reciprocated and draws oil from the sump at 
203 through check valve 204 into conduits 206 
and 208 and thence into the cylinder 207 (see 
Fig. 5). - 
At the top of the accumlator cylinder 207 (see 

Figs. 3 and 5) there is provided an outlet conduit 
28 (see Fig. 5) from the accumulator in which 
conduit is a ball check valve 2 9. This conduit 
28 connects with a pressure conduit 22 (see Figs. 
3 and 5) which carries the fluid under pressure 
from the accumulator cylinder to a conduit 222 
having a restriction therein (see Fig. 5) which 
opens into the pressure control valve cylinder 223. 

(c) Pressure control alie 
The function of the pressure control valve is 

to provide for changes in the pressure of clutch 
application between large and small throttle 
opening positions. This valve, therefore, controls 
the pressure of the fluid fed to the selector valve 
for use in actuating the two clutches to and f. 
The pressure control valve is provided with a cy 
lindrical body portion 224 (see Fig. 3) On the 
central axis of which is slidably mounted a valve 
stem 226. This valve stem has slidably mounted 
thereon two valves 22 and 228 which are seated 
in the opposite ends of the central opening 
through the body portion 224. Toward the right 
hand end of the valve cylinder there is provided a 
cylindrically shaped abutment member 229 which 
has a recess 23 in its inner end, the abutment 
portion 229 extending outwardly from the cylin 
der opening. The Valve stem 226 has an exten 
sion which abuts against the base of the inner 
recess 23 and there is provided a spring 232, one 
end of which reacts against the inner face of the 
recess 23 and the opposite end against the valve 
228. In the opposite end of the valve a spring 
233 is so mounted as to react between a plug 236 
at the end of stem 226 and the valve 227, thereby 
tending to hold said valve 227 upon its seat. Also 
at this end of the pressure control valve and 
mounted in the pressure control valve cylinder 
223, there is a spring 234 which reacts between 
the plug 236 and a plug 236a which closes the 
end of the cylinder 223. 
In Operation, Oil under pressure from the con 

duit 222 enters the pressure control valve through 
conduit 237. By a system of levers, which will 
later be more fully described, the throttle control 
position is reflected by the movement of a lever 
238, the end of which lever abuts against the pro 
jecting cylindrically shaped abutment member 
229. As shown in Fig. 3, Small throttle openings 
are indicated when the end of lever 238 is near 
the maximum position to the right, and increased 

As pressure is built up in the cylinder 207 by the throttle openings are indicated by movement of 

When the pressure in cylinder 207 becomes 
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the lever 288 to the left, as viewed in Fig. 3. It is 
apparent, therefore, that for small throttle open 
ings the valve stem 226 will be only slightly moved 
toward the left from its maximum right hand 
position and will therefore compress spring 234 a. 
small amount and release spring 233 a small 
amount. The result is that valve 22 offers 
greater resistance to the oil pressure from conduit 
2.3T and releases less pressure than is the case 
when the end of lever 238 is positioned a consid 
erable distance toward the left in Fig. 3, thereby 
compressing the spring 234 and releasing spring . 
233 to a greater extent and causing valve 227 to 
offer less resistance to the oil from conduit 23 
and therefore releasing a larger pressure. 
The outlet valve 228 is held closed by spring 

232 and when the pressure inside the pressure 

O 
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control valve exceeds that necessary to lift valve 
228 of its seat the pressure will be reduced by 
outlet of fluid to the sump through valve 228. 
The spring pressure holding valve 228 on its seat 
is increased with larger throttle openings by the 
movement of abutment 229 to the left. With in 
crease in throttle opening the movement of the 
valve members toward the left reduces the com 
pression on inlet valve spring 233 and increases 
the compression on outlet valve spring 232, there 
by increasing the pressure of the fluid allowed to 
flow through the pressure control valve to the 
selector valve as the throttle openings increase. 

(d) Selector valve and connections to 
actuating units 

The function of the selector valve is to direct 
the fluid under pressure to proper conduits to 
automatically operate the clutches and the Syn 
chronizing unit. A cylindrical opening for move 
ment of the valve is provided by a sleeve member 
250 which is mounted in a substantially cylindri 
cal drilled opening in the housing. This sleeve 
member provides a plurality of inlet and outlet 
openings leading to and from the central cylindri 
cal opening in which a selector valve cylinder 25 . 
is mounted for sliding movement. The cylin 
drical valve 25 has a central opening 252 extend 
ing longitudinally through its center and has 
provided on its surface suitable grooves and 
drilled openings, the grooves being for the purpose 
of connecting certain inlet and outlet passages 
brought in alignment therewith, and the drilled 
openings being for the purpose of releasing pres 
sure from such outlets which it is not desired to 
hold under pressure, it being understood that the 
central opening 252 of the selector Valve is con 
nected with the sump. There are two main pres 
sure conduits leading to the sleeve member 250 
and connecting with the inlet openings thereof, 
i. e., conduit 253 leading from the pressure control 
valve and conduit 256, which is an extension of 
conduit 22, and brings the pressure directly from 
the accumulator cylinder 207. It is to be remem 
bered that the inlet openings in the selector valve 
sleeve 250 (Fig. 4) are drilled through the sides 
of the sleeve member 250 substantially in a hori 
zontal plane through the axis of said sleeve. As 
shown in Fig. 4, the conduct 253 leads to an an 
nular groove 253a around the sleeve member 250, 
which groove has connecting slots 254 cut longi 
tudinally of the sleeve, one of which slots being 
provided at each side of the sleeve member. From 
the slots 254 there are drilled openings 254a, 254b 
and 25c which are spaced as shown in Fig. 4 
and extend into the center of the selector valve. 
A similar construction is employed to effect in 
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as shown at the right hand end of the sleeve 250 in 
Fig. 4, an annular groove 256a being provided 
around the selector valve sleeve 250, said annular 
groove connecting with grooves 257 on each side 
of the sleeve member. From the grooves 257 
drilled openings 257a and 257b spaced as shown 
in Fig. 4 are provided. There have now been de 
scribed two sources of pressure coming to the Se 
lector valve, each with a separate system of 
spaced inlet openings, any one of which will sup 
ply fluid under pressure into the central bore of 
the selector valve cylinder if not closed by the 
surface of the selector valve. 
A system of four outlet conduits, all of which 

take their pressure from the Selector Valve, is 
provided to direct the pressure to the two clutches 
and to the synchronizer operating unit. These 
conduits are shown in Figs. 3 and 4 as conduits 
258 and 259 for clutch actuation, and conduits 23 
and 274 for actuating the synchronizer unit. 
Each of these four conduits receives its pressure 
from conduits leading from the top and bottom of 
the selector valve sleeve member 250 by pairs of 
conduits shown in Fig. 5 as 279 and 280, with con 
necting drilled openings 279a and 280d. By in 
spection of Fig. 3 it is noted that the conduits 258, 
259,273, 274 are spaced along the selector valve 
cylinder, the clutch operating conduits 258 and 
259 being located toward the left end, as shown in 
Fig. 3, and the synchronizing conduits 273 and 
274 being adjacent the right hand end of the Se 
lector valve unit. 
For the purpose of description of the selector 

valve unit, it is here stated that conduit 258 car 
ries pressure to actuate the clutch for direct 
drive. The conduit 259 carries fluid under preS 
sure to actuate the clutch O for effecting low and 
over-drive gear ratios, while the conduit 23 car 
ries fluid under pressure to the left hand end of 
the synchronizer cylinder, shown in Fig. 4, for the 
purpose of moving the synchronizer operating 
shaft 303 from left to right and the conduit 28 
carries fluid under pressure to the Opposite Or 
right hand end of the synchronizer cylinder to 
move the synchronizer in the opposite direction. 
The connecting conduits which feed pressure to 

cylinder 32 (Fig. 1) to actuate the direct drive 
clutch from conduit 258 are 26 (Fig. 3), 263 
(Fig. 4), 266 (Figs. 1 and 4) and 267 (Fig. 1). 
The conduits which connect with 259 to feed pres 
sure to cylinder 3 (Fig. 1) to actuate the low and 
overdrive clutch 0 are 262 (Fig. 3), 268 (Fig. 4), 
269 (Figs. 1 and 4) and 27 l (Fig. 1). For operat 
ing the synchronizer cylinder conduit 278 (Fig. 3) 
extends from conduit 274 and into the right hand 
end of the Synchronizer cylinder through Conduit 
277 (Fig. 4a). Similarly, conduit 273 for feeding 
pressure to the opposite end of the synchronizer 
piston has connecting conduit 275 (Fig. 3) which 
leads into conduit 276 (Fig. 4d.). 
The selector valve is shown in Figs. 3 and 4 in 

position to effect low speed drive of the transmis 
sion. A groove 29 extending around the outer 
periphery of the selector valve 25 connects the 
inlet conduit 254b (Fig. 4) with the outlet conduit 
259 (Fig. 3) thereby feeding pressure to clutch O. 
It is noted that the drilled inlet opening 254b is a 
restricted opening and that therefore the fluid 
under pressure is fed in Such manner as to effect 
a slow engagement of the clutch O. Referring to 
Fig. 3 it is noted that a drilled opening 292 is pro 
vided in the top and bottom of the selector valve 
cylinder which aligns itself with the conduit; 258 
leading to the direct drive clutch f, and because 

lets into the selector valve from the Conduit 256, 75 of this alignment of the drilled opening .292 with 
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the conduit 258 any pressure which may exist 
therein is released into the central opening 252 of 
the selector valve which is connected with the 
sump through suitable drilled openings. 
As the speed of the car increases the Selector 

valve is moved from right to left, as shown in 
Figs. 3 and 4, by the movement of the differential 
lever 287, and during the time which the low speed 
clutch has been engaged, as above described, a 
groove 294 of the selector valve has been aligned 
to feed pressure to the conduit 23 (Fig. 3), re 
ceiving such fluid under pressure from inlet open 
ing 257b (Fig. 4). Also a drilled opening 2 (Fig. 

. 3) has been aligned with conduit 24 to release 
pressure from said conduit and from the right 
hand end of the synchronizer operating cylinder. 
The result of this connection of the conduits 23 
and 274 has moved the synchronizer unit to con 
nect the gears 24 and 25 with the shaft 4 (Fig.1), 
such connection of gearing being necessary to 
effect a low speed drive, as was previously de 
scribed in connection with the general gear ar 
rangement. 
Continuing with the description of the effect of 

further increase in the speed of the car and the 
movement of the selector valve toward the left, 
as viewed in Figs. 3 and 4, a drilled opening 290 
(Fig. 3) in the selector valve comes into alignment 
with the conduit 259 and releases the pressure 
therein through the restricted opening of said 
conduit 290, thereby producing a slow release of 
the low speed clutch. The same movement of the 
selector valve places the groove 29 in alignment 
with the conduit 258 for actuating the direct 
drive clutch, the pressure coming to the groove 
29 from the unrestricted opening 254c (Fig. 4). 
The result of this movement has been to release 
the low speed clutch 0 and to actuate the direct 
drive clutch í 1, a reversal of the condition previ 
ously existing. Subsequent movement of the se 
lector valve toward the left after the above re 
versal of the clutches has been effected places a 
groove 295 in alignment with conduit 278 (Fig. 3), 
thus feeding pressure from the drilled opening 
25lb (Fig. 4) and placing drilled opening 296 (Fig. 
3) in alignment to release pressure from conduit 
273. The result of this movement of the selector 
valve is to feed pressure to the right hand end of 
the Synchronizer operating cylinder 30 (Fig. 4) 
and release pressure from the left nand end of 
the cylinder, thereby producing movement of the 
Synchronizer from right to left, as viewed in Fig. 
4. It is noted that this movement is taking place 
during the time the direct drive clutch is in oper 
ation. This preSSure flow continues until the 
Synchronizer has been moved to its maximum left 
position (Fig. 1), thereby connecting the gear T 
with the shaft 4. No change in drive results 
with this movement since the clutch O is at this 
time disengaged. However, on further increase 
in car Speed and further movement of the selector 
valve from right to left, as shown in Fig. 3, a 
longer annular groove 293 is brought into align 
ment with the conduit 259 (Fig. 3), thereby again 
actuating the clutch 0 to which the conduit 259 
feeds pressure. Referring to Fig. 4, the pressure 
comes into the groove 293 when said groove 
bridges the two inlet drilled openings 254a and 
254b, thereby effecting an unrestricted flow of 
fuid to actuate the clutch instead of therestricted 
flow afforded by 254b alone on the previous actu 
ation of the clutch. It is understood that with 
the Synchronizer in the maximum position toward 
the left, as above described, the gear ratio ef 
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fected is an over-drive, as previously discussed 
with reference to the general gear arrangement. 
(e) Synchronizer, control cylinder and control 

fparts 

As previously mentioned, the synchronizer is 
actuated for the purpose of changing the gear 
connection of one of the clutches while the other 
is engaged. In its general construction the Syn 
chronizer unit is similar to units used in other 
manually operated transmissions wherein the 
driver of the car changes the gear connection 
while the clutch is thrown out. The essential 
parts of such a unit are shown in Fig. at 9 
and comprise a sliding hub member which carries 
conical shaped surfaces which on sliding move 
ment of the member will frictionally engage other 
conical Surfaces on adjacent rotating parts, thus 
gradually bringing the two rotating parts up to 
the same speed of rotation, and after this is 
accomplished the shafts are permanently con 
nected by movement of a collar which is provided 
in its inner circumference with toothed projec 
tions which are designed to fit with projections 
on the hub and on the adjacent rotating mem 
ber thereby completing a positive connection. As 
shown in Fig. , the unit designed for use with 
the transmission has several novel features. A 
hub 4of mounted free to slide on shaft f and 
secured to rotate therewith has conical Surfaces 
402 and 403 provided adjacent its ends and has 
a sliding collar 404 which is normally held from 
axial movement relative to the hub 40 by a 
plurality of Spring urged balls 405 which are 
pushed outwardly from the periphery of the hub 
40 into a groove 406 in the inner Surface of 
the collar. When the Synchronizer collar is 
moved to the right or left, as shown in Fig. 1, 
by the action of the previously mentioned syn 
chronizer fork, the conical Surfaces 402 or 403 
will contact adjacent surfaces on the gear mem 
bers 8 or the gear 7 and by this frictional con 
tact will bring these members up to the rotative 
speed of the synchronizer hub and shaft 4 before 
the connection is finally completed by the nove 
ment of the collar 404, which movement occurs 
when the force to shift the collar is sufficient to 
break the holding force of the spring connection 
effected by the balls 405. When this connection 
is broken the two rotating members are con 
nected positively together by the intermeshing 
of the internal teeth on the inside of the collar 
44 with teeth on the hub of gear 7 or on the 
hub of gear . 
A greatly improved means of effecting frictional 

contact of the conical surfaces is provided, as 
shown in Fig. 1, by the use of a floating member 
407 having two inner conical surfaces so that 
when the conical surface 402 of the hub 40 con 
tacts one of these surfaces the member will slide 
along with the hub member and contact another 
Surface on an adjacent floating member 408. In 
this manner a plurality of surfaces is provided 
and results in a greater frictional torque, thereby 
bringing members 8 and 40 f to the same rota 
tive Speed in much less time than would be pos 
sible with a single frictional surface, provided 
the same pressure be applied in each case; or in 
the Same time with less force. In case the same 
force be used to bring about synchronization in 
the same length of time, this construction which 
employs a plurality of successively engaged coni 
cal Surfaces allows the use of a relatively large 
contacting angle and provides the same syn 
chronizing power as with a single surface and 
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smaller angle. The larger contacting angle is of 
advantage because cones of greater ange have 
less tendency to stick together after the pressure 
is removed, thereby leaving the members 8 and 
Of free to turn slightly with respect to each 

other, after the holding force of the balls OS 
has been broken, to permit the teeth 
40 and member 8 to engage. 

In order that the synchronizer be properly oper 
ated by an automatic unit it is necessary that the 
actuating member be given a movement which is 
varying in its rate of speed, the necessary vari 
ation being a fast movement of the operating 

on collar 
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member during the approach or idle portion of 
its travel followed by a pause during the portion 
of the travel in which the synchronizing cones 
are being held in contact, followed by a fast nove 
ment for quickly effecting a positive connection 
by engagement of the projecting teeth or jaws on 
the inner surface of the collar with the adjacent 
gear unit. 

For the purpose of effecting the above outlined 
result a fluid pressure operated Synchronizer 
cylinder 30, see Fig. 4, is provided, the primary. 
parts being the fluid pressure operated piston 
2 with slidably mounted shaft 803 and shifter 

fork 04. The shifter fork 304 is connected with 
the synchronizer proper by the conventional cir 
cumferential recess 306. The connections of the 
fiuid pressure system to this unit have previously 
been indicated up to the points 276 and 2 in 
Fig. 4a. In operation when, for example, the 
position of the selector valve is such as to require 
a movement of the synchronizer to the right to 
connect the lower gear ratio unit 8, the selector 
valve will allow fluid under pressure to enter 
through the opening 276 and pass out through 
the opening 277. A check valve is used at both 
of these openings which essentially comprises a 
star-shaped plate with a small orifice in its center 
mounted in both of the openings 276 and 2. 
When the flow of fluid under pressure is into the 
opening 276, for instance, the star-shaped plate 
30 is caused to move upwardly of the opening 
276 and allow unrestricted flow therethrough and 
the movement of the piston forces fluid out of 
the opening 277 and causes the star-shaped plate 
set in that opening to rest against the flat Sur 
face and restrict the flow therethrough. The 
result accomplished is an unrestricted inflow at 
one end of the cylinder and a restricted outflow 
at the other. It is noted that there are two 
other outlet ports 308 and 309 a distance from 
the ends of the synchronizer cylinder. (See Fig. 
4a.) Considering the movement of the piston to 
the right, the port 309 during the first portion of 
the travel being uncovered by the piston allows 
substantially unrestricted outward flow, and, 
therefore, fast movement of the piston during the 
first part of the travel. However, as the piston 
covers the port 309 the piston moves more slowly 
as the flow is then restricted by the aforemen 
tioned star-shaped plate 30 a. 
A pause in the motion of the synchronizer dur 

ing cone contact is assured by the manner of 
mounting the piston 302 upon the shaft 303. As 
shown in Fig. 4 the end of the shaft 303 projects 
into the recessed inner portion of the piston 302 
and is yieldably secured to said piston by two 
springs 3 and 32, these springs being on oppo 
site sides of an abutment 33 on the shaft 302. 
Suitable details to assure the reaction of the 
springs against this abutment are provided, 
namely, two rings 34 and 35 and a locating 
ring 36 in the piston. The spring connection 
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above described permits the shifter fork and syn 
chronizer to stop when the cones make contact. 
The piston 302, however, continues to move slow 
ly during this period, its rate of motion being 
controlled by the star-shaped orifice 307 or 30 a. 
The movement of piston 302 against spring 3 
or 32 builds up a pressure which serves to press 
the conical surfaces of the synchronizer together 
for satisfactory frictional engagement to perform 
the function of bringing the new gear train to 
the same speed of rotation as member 40. The 
strength of the springs 3 and 32 and the size 
of the hole in the star-shaped orifice 307 or 3OToy 
are such that this pause continues a sufficient 
time so that synchronization is completed before 
enough pressure is built up on spring 3 or 32. 
to cause the shifter fork and shaft to disconnect 
the collar of the synchronizer. A final relatively 
faster movement of the synchronizer collar to 
effect final connection of the unit will result 
from the ensuing release of spring 3 or 32. 
This last movement may be better understood by 
reference to Fig. 1, wherein the sliding collar of 
the synchronizer is shown. Considering the syn 
chronizer moving to the left, it is apparent that 
the cones are brought into contact by movement 
of the entire synchronizer. During the time 
when the spring 3 is being compressed and 
until sufficient pressure is built up by the spring 
3, the collar 404 and hub 40 of the synchro 
nizer unit will not move longitudinally. After 
sufficient pressure is built up to break collar 404 
away from the ball retainers, a fast movement 
will effect the final connection of the gear 
to the shaft 4 by meshing of the internal teeth 
of the synchronizer collar 404 with the teeth on 
the gear member 7. 
The synchronizer cylinder 302 as shown in Fig. 

4a is constructed with an annular groove 302d 
and a drain 302b is provided in the wall of the 
Synchronizer cylinder so that any leakage past 
the piston is drained back to the sump. In this 
way leakage of pressure past the piston is pre 
vented from building up a back pressure on the 
outlet side thereby assuring that full inlet pres 
Sure will always be available to move the syn 
chronizer piston. This construction was pre 
viously mentioned in connection with the dia 
grammatic showing in Fig. 2. 

(f) Synchronieer and selector alve interlock 
Still referring to Fig. 4, it is to be noted that 

there are two recesses 3 and 38 so positioned 
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that when, for example, the movement of the 
Synchronizer shifter fork 304 to the right is come 
plete the recess 3 will come into alignment 
with a pin 39. This pin is mounted to have a 
beveled projecting end suitable for contacting a 
beveled ring 32 om the selector valve 25. Dur 
ing the time that the shifting has been taking 
place the end of the pin 39 has been in contact 
with the ring 32 and has prevented the move 
ment of the selector valve, but on the completion 
of the shift the pin 39 drops into the recess 
37 on coming into alignment therewith and the 
selector valve is released. In other words, the 
mechanism just described assures that the se 
lector valve cannot move to apply clutch until 
the synchronizer shift is completed, and collar 
404 is in position to transmit the power applied 
through clutch O. The action is similar when 
the synchronizer completes its movement to the 
left, pin 320 being brought into alignment with 
recess 38, thereby releasing the selector valve 



12 
for movement toward the left with increase in 
Speed. 

(g) Governor operated by vehicle speed 
Referring to Fig. 1, there is shown a governor 

mounted on the end of the shaft 4 at the rear 
of the transmission housing. The housing 350 
for this governor unit is shown as bolted to the 
end of the main transmission housing and this 
housing also includes a bearing 35 and a speed 
ometer drive gear 352 so mounted as to make 
possible the assembly of a conventional fitting 
353 for connection to the propeller shaft of the 
vehicle. The governor itself is made up of a 
member 354 which is secured to rotate with the 
shaft 4. A plurality of bosses 356 project rat 
dially out from the fitting 354 and have pinned 
thereto counterweight arms 357. Similarly 
shaped counter Weight arms 858 are Secured to a 
sliding collar 359 mounted to slide upon the 
shaft 4. Weights 36 are mounted on the pins 
which connect the two counterweight arms 35 
and 358 so that when the shaft 4 rotates carry 
ing with it the member 354, the counterweights 
and arms and the collar 359, the speed of rota 
tion causes the weights 36 to be thrown out 
ward , by centrifugal force. A spring 362 is 
mounted between the member 354 and the collar 
359 and the centrifugal action of the weights 
36 is therefore resisted by the spring 362 and 
therefore the location of the collar 359 on the 
shaft f4 is indicative of the speed of rotation of 
the shaft 4. It is also contemplated that a 
governor might be used employing a plurality of 
Springs of differential effect designed to cause 
the valve mechanism to shift at suitable vehicle 
speeds, as disclosed in my co-pending application, 
Serial No. 715,065. In the design here shown the 
collar 359 has an annular recess 363 in which a 
suitable projection on a lever 364 is adapted to 
fit in Such manner that when the collar 359 
Slides on the shaft 4 the lever 364 will be carried 
therewith. (See Fig. 1.) It is to be noted that 
an increase in speed of the shaft 4 causes the 
top end of the lever 364 to swing toward the left 
aS shown in Fig. 1. 

(h) Controls from governor and throttle 
to differential lever 

As previously mentioned, the selector valve 
which directs the flow of fluid under pressure to 
the several mechanisms is controlled by the com 
bined action of throttle control position and vehi 
cle Speed. A differential lever 287 shown in Fig. 
3 is pivotally mounted at its center on the pro 
jecting end of the selector valve 25. One end 
288 of this lever 287 (the lower end as viewed 
in Fig. 3) is actuated by the vehicle speed gov 
ernor and the opposite end 289 is actuated by a 
member which moves with the throttle control, 
as Will now be described. 
To transfer the governor movement to the end 

of the differential lever 28, the mechanism shown 
in FigS. 1, 7 and 8 is provided. As shown in Fig. 
7, the end of the lever 364 is connected by a rod 
366 to a lever 367 projecting downwardly from 
a Shaft 368 (see Figs. 1 and 8) which extends 
transversely across the top of the transmission. 
It will be apparent from inspection of Figs. 1, 7 
and 8 and on considegation of the direction of 
the movement of the governor that clockwise 
rotation of shaft 368 as viewed in Fig. 1 would 
indicate increase in vehicle speed as reflected 
by the main shaft 4 of the transmission. Also 
referring to Fig. 6 wherein the shaft 368 is shown 
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with a depending lever 369 secured thereto, it is 
noted that the end of the lever 369 is Secured 
to the end of the differential lever 28, thereby 
completing the connection from the governor 
to the end of the differential lever, as shown at 
288 in Figs. 3 and 6. 
By appropriate linkages the engine throttle 

control is connected to rotate the shaft 37 shown 
in Fig. 3 in Such a manner that clockwise rota 
tion of the shaft 3 as viewed in Fig. 3 is in 
dicative of increase in throttle opening. The 
shaft 37 f is also shown in Fig. 6 and is secured 
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to a lever 238 which is connected to the top 
end of the differential lever 287 by link 372. The 
lower extension of ever 238 also acts to apply 
the pressure control valve by contact with the 
projecting end 229. By the connection effected 
by the upper portion of lever 238 the throttle con 
trol is connected to the opposite end 289 of the 
differential lever 28 from that used to connect 
the governor control and makes possible the posi 
tioning of the selector valve by the combined 
action of throttle control position and vehicle 
speed. A spring 373 is mounted to hold the top 
end of the differential lever 287 normally toward 
the left (Fig. 3) and the opening action of the 
throttle rod is to move the lever in the opposite 
direction. There is also provided a spring 374 
which serves to control the movement of the 
selector valve by contact with suitable projec 
tions on the projecting surface of the valve, there 
by to define the steps, in the movement thereof, 
as shown in the diagrammatic view Fig. 2. 
In FigS. 3 and 6 there is shown a member 288.a. 

which is l shaped and is pivoted on the end of 
the shaft 37 and free to tilt about this pivot. 
The end of the member sets against the end of 
the pressure control valve 229, as shown in Fig. 
3, and the projecting portion is so shaped that 
when the governor control at 288 is so positioned 
as to indicate a relatively high vehicle speed the 
end of the member 288 will hold the member 288d. 
against the end of the pressure control valve 
and prevent it from entirely releasing the pres 
Sure, which would result whenever the throttle 
was released, regardless of the speed, if this 
stop were not provided. The throttle lever 238 
has a projecting end which controls the move 
ment of the pressure control valve and when the 
governor control member 288 is in a relatively low 
Speed position, as shown in Fig. 3, Small throt 
tle openings will allow the pressure control valve 
to extend a maximum distance to the right, which 
condition will release all pressure and throw out 
any clutch which may be engaged, thereby pro 
ducing a neutral (or free wheeling) condition, 
and permit the car to be stopped without stal 
ling the engine. The above described mecha 
nism allows Such a condition to occur only at 
relatively low car speeds and released throttle, 
whereas at high car speeds the free wheeling of 
the car is prevented by the action of the mem 
ber 288a, which is held against the end of the 
pressure control valve. 

(i) Reaperse interlock 

In order that it will not be possible for the 
automatic control of the transmission to throw 
the gearing into high gear when the manual 
shifting mechanism has been used to place the 
gears in position for a reverse drive, the mecha 
nism shown in Figs. 8 and 9 has been provided. 
The shifter fork 28 shown in Fig. 8 is for the 
purpose of moving the reverse idler along the 
shaft 2 and as shown in Fig. 9 a two armed 
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lever 5 is mounted with one of its arms 45 
positioned to ride upon the top of the shifter 
fork arm 28 when said fork is in such longitudio 
nal position as to effect reverse drive. Such a 
positioning of the lever as is shown in Fig. 9, 
produced when it is riding on top of the fork 
28, positions the end 452 of the lever upwardly 
toward a projecting arm 458 secured to be rotated 
with the shaft 68 which it will be remembered 
is actuated by the vehicle speed governor and 
is connected through several leverages to actu 
ate the selector valve. The result of the afore 
mentioned positioning of the end 452 of the 
lever 450 is to place it in position to act as a 
stop so that the shaft 388, and therefore the 
selector valve, cannot be actuated to effect high 
gear. When the shifter fork is actuated to place 
the reverse idler out of operation by longitudio 
nal movement of the fork 28 it is apparent that 
the lever 45 will drop by gravity out of the 
way and be positioned against a stop pin 45 
shown in Fig. 9, and in such position will allow 
the shaft SS and its connected parts to oper 
ate without interference. 
(j) Clutch operating mechanism and support in 

transmission housing 
in the design of the present type of trans 

mission which includes the use of two so-called 
dry plate clutches mounted in a flywheel hous 
ing 2, shown in Fig. 1, combined with a fluid 
pressure mechanism to operate the dry plate 
clutches mounted adjacent thereto, it was a 
definite requirement that the use of an excep 
tionally heavy and cumbersome rotating weight 
suspended at the end of the flywheel housing 
be avoided. A heavy overhung weight, if no 
support were provided on the outer end, would 
be very objectionable as it would throw heavy 
loads on the end of the crankshaft and an the 
flywheel and clutch housing. There is another 
important problem in this connection in that it 
is very important that none of the fluid which 
is used to actuate the fluid pressure mechanism 
can be allowed to be thrown from the rotating 
unit toward the clutches. Both of these prob 
lems have been considered and solved by the 
novel construction which is shown in Fig. i. 
The entire overhanging portion of the fluid 
pressure actuating unit is supported in the large 
bearing 500 provided in the collector ring casing 
460 which is secured to the transmission hous 
ing and serves both as a means to carry the 
collector ring conduits 266 and 269 as well as 
to provide a bearing for the rotating unit. It 
has been previously mentioned that all of the 
pistons for actuating the clutches rotate with 
the flywheel and such a construction is shown 
in Fig. 1. The piston housing 30 projects into 
the flywheel portion of the transmission housing 
and rotates with the flywheel but the entire unit 
is provided with a cup-shaped cover 46 with a 
flange edge 462 which extends back into the next 
compartment rearward of the flywheel casing. 
When the unit rotates this cup-shaped member 
collects such oil as may leak past the pistons, the 
centrifugal force causing this oil to flow back on 
the cup-shaped member to the flange 462 from 
which it is thrown on the adjacent Wall of the 
stationary casing to flow into a Sump groove 
463, which groove is provided with a drain to 
allow the oil to flow back into the oil slump. 
This construction makes possible the use of the 
dry plate clutch actuated by a fluid pressure unit 
which rotates with the clutches but does not 
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have the very objectionable feature of fluid 
conduits adjacent to it with the possibility of 
leakage into the clutches. As previously noted, 
the housing 30 is secured by set screw 30a to fly 
wheel 2 and therefore endwise reaction from the 
pistons is transmitted to the flywheel and is not 
imposed on the bearings in the transmission or 
engine. The housing 30 is mounted with a lim 
ited lateral freedom of movement so that axial 
misalignment between the rotating flywheel 
clutch housing and the transmission unit will 
not seriously interfere with the cooperative op 
eration of the housing 3D and the parts with 
which it rotates. This freedom of movement is 
made possible by a loose mounting of the col 
lector ring casing 460 in the transmission case 
at 465 and also by a loose mounting of the pro 
jecting end of the housing 30 at 466 where it 
connects with the rotating flywheel 2. The 
right hand end of the housing 30 rotates in the 
collector ring casing 460 so that the said co 
lector ring casing 460 and the housing 30 form 
a unit which, together with the sleeve 5, has a 
limited freedom of tilting movement because of 
the loose mounting, the end of the sleeve 5 
being secured to the clutch plate and free to 
move on release of the clutch. By the above 
described mounting it has been found that such 
misalignment between the flywheel and the ad 
jacent parts is adequately compensated so that 
a satisfactory mounting of the several rotating 
parts is accomplished without objectionable 
binding due to misalignment. 
(k) Details of clutch construction to adapt for 

automatic operation 
It is very advantageous in connection with a 

clutch which is to be actuated by fluid pressure 
mechanism that there be some kind of a cush 
ioning means provided giving a delayed action 
so that when the fluid pressure is applied by 
whatever means is used to push the plates of 
the clutch together there will be a time interval 
after which the clutch will make positive engage 
ment. It has been found after a considerable 
period of experimental work that the use of a 
clutch facing with a resilient mounting such as 
shown in Figs. 11 and 12 produces very desirable 
results. As shown in the two figures, one clutch 
facing 470 is secured to the clutch plate by rivets 
without resilient mounting, while the facing on 
the opposite side of the plate 472 has a plurality 
of Spring clips 43 bent into the shape as shown 
and riveted at the center to the clutch facing 
and at One end to the plate. The result of such 
a construction is to resiliently mount the clutch 
facing relative to the plate so that when the 
clutch is engaged in the usual manner it will 
take up slowly because of the use of the resilient 
mounting. 
Although I have described my invention as 

applied to a specific type of unit found practical 
in actual operation, I do not desire to limit my 
self to the exact details of the construction 
shown and described herein but rather to the 
scope of the following claims. 

claim: 
i. In a variable speed power transmission sys 

tem including a clutch and a speed ratio changing 
mechanism, fluid pressure operated mechanism 
for actuating the clutch comprising a fluid pres 
sure operated mechanism housing member mount 
ed for rotation with the clutch, fastening means 
securing one end of said member with limited 
freedom of movement from Concentric alignment 
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With said clutch, and a bearing Supporting the 
opposite end of-said member adjacent said speed 
ratio changing mechanism. 

2. In a variable Speed power transmission Sys 
tem including a clutch and a speed ratio chang 
ing mechanism, fluid pressure operated mecha 
nism for actuating the clutch comprising a fluid 
pressure operated mechanism housing member 
Inounted for rotation with the clutch, fastening 
means securing one end of said member adjacent 
Said clutch, a bearing supporting the opposite 
end of Said member adjacent said speed ratio 
changing mechanism, said fastening means and 
Said bearing being mounted to allow limited free 
dom of movement of said member whereby said 
member will rotate freely regardless of small 
Valiations in relative alignment, with said clutch 
and said speed ratio changing mechanism. 

3. In an automotive transmission mounted 
l'eal'Ward of a rotating flywheel, a clutch mounted 
ill said flywheel having an element thereof ro 
tating thereWith, fluid pressure actuated mecha 
nism for operating said clutch, also mounted for 
rotation with said flywheel, a housing for sup 
porting Said fluid pressure mechanism, an exten 
Sion of said housing carrying conduits for sup 
plying fluid pressure to said mechanism, support 
ing means for Said housing forming a bearing 
around Said extension and having conduits align 
ing with conduits in said extension member there 
by Serving as a collector ring unit for feeding fluid 
under pressure to Said rotating fluid pressure ac 
tuated mechanism. 

4. In a power transmission system, a clutch, 
fluid pressure operated mechanism for actuating 
said clutch comprising a fluid pressure operated 
mechanism housing member attached to the 
clutch for rotation therewith, a source of fluid 
pressure, and means Secured adjacent said men 
ber including a deflector whereby the rotation of 
said member serves to throw leakage fluid from 
said actuating means onto said deflector for re 
turn to Said Scurce of fluid pressure. 

5. In a variable speed power transmission sys 
ten, a plurality of clutches mounted for rotation 
with a common supporting member, a set of levers 
for actuating each of said clutches, and fluid 
preSSure actuated means for operating said levers 
mounted for rotation with said clutches and said 
Supporting member. 

6. In a transmission having a driving shaft 
and a driven shaft, means for effecting various 
Speed ratios between said shafts including a 
clutch, a fluid pressure pump, fluid pressure 
means for actuating said clutch, valve means in 
terposed between said pump and fluid pressure 
means for regulating the rate of flow of fluid to 
Said fluid pressure means and thereby the rate of 
engagement of Said clutch, and means for re 
tarding disengagement of said clutch to prevent 
jerky operation thereof when changing from one 
Speed ratio to another. 

7. In a transmission having a plurality of 
clutches actuated by fluid under pressure, char. 
acterized by a selector valve for selectively di 
recting fluid under pressure to and from the 
clutches, Said valve having restricted outlet ports 
whereby gradual release of clutches is effected. 

8. In a transmission, a plurality of clutches, a 
Source of fluid pressure, a sump, fluid pressure 
mechanism for operating the clutches, conduits 
leading to said clutches, a selector valve having 
inlet and outlet ports for selectively connecting 
Said Source of fluid pressure or said sump with 
Said clutches, and members forming a restriction 
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in the outlet ports of said selector valve whereby 
gradual release of clutches is effected. 

9. In a transmission System for automobiles in 
cluding a friction clutch, means for actuating 
Said clutch including fluid pressure operated 
mechanism, an element responsive to variations 
in atmospheric temperature conditions, and 
means connecting said element with said fluid 
pressure mechanism whereby the rate of appli 
cation of Said clutch is varied in accordance with 
changes in temperature. 

10. In an automotive transmission providing a 
lange of gear ratio, a movable member for ef 
fecting change in gear ratio, automatic fluid 
pressure actuated mechanism for causing move 
ment of Said member at varied rates at different 
portions of its travel comprising a housing hav 
ing a cylindrical Opening therein, a piston con 
nected to operate said member and mounted for 
movement in Said cylindrical opening, fluid pres 
Sure conduits having ports of various sizes open 
ing into said cylindrical opening in such position 
aS to produce movement of said piston and in 
such relative position that restricted ports are 
left uncovered by Said piston during one portion 
of its travel and larger ports during other por 
tions of its travel thereby providing variation in 
rate of movement of said piston and said operat 
ing member. 

11. In an automotive transmission providing a 
range of gear ratioS, a movable member for ef 
fecting change in gear ratio, automatic fluid pres 
Sure actuated mechanism for causing movement 
of said member comprising a housing having a 
Cylindrical opening therein, a piston mounted for 
movement in said cylindrical opening, fluid pres 
Sure conduits for feeding pressure into said cylin 
drical Opening on one side of said piston and out 
of Said cylindrical opening on the opposite side 
of Said piston thereby to move said piston, and a 
resilient connection between said member and 
Said piston whereby said piston is allowed to move 
independently of said member by action of fluid 
pressure on said piston and produce a pause in 
its movement followed by a relatively fast move 
ment of Said member when said resilient con 
nection has been compressed by said piston 
movement. 

12. In an automotive transmission providing a 
range of gear ratio, a movable member for ef. 
fecting change in gear ratio, automatic fluid pres 
Sure actuated mechanism for causing movement 
of said member comprising a housing having a 
Cylindrical Opening therein, a piston connected 
to operate Said member and mounted for move 
ment in Said cylindrical opening, a pair of con 
duits for feeding fluid to and from said cylin 
drical opening, one conduit leading to each end 
of Said cylindrical opening on opposite sides of 
Said piston, check valve members mounted in said 
conduits in such position that restriction of flow 
is afforded when movement of fluid is away from 
said cylindrical opening and unrestricted flow is 
afforded when flow is in opposite direction there 
by to place full conduit pressure on the side of 
said piston to which pressure is admitted and to 
provide restriction of flow to control movement 
of Said piston by the operation of said check valve 
in the conduit releasing fluid from the opposite 
side of Said piston. 

13. In an automotive transmission, a friction 
clutch, fluid pressure operated mechanism for 
actuating Said clutch, means to vary the pressure 
applied to Said fluid pressure mechanism during 
the time required for actuation of said clutch 
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comprising mechanism to allow pressure to build 
up quickly during the initial period required for 
actuation of said clutch and further mechanism 
to apply pressure more slowly during the latter 
portion of the period required for actuation of . 
said clutch. 

14. In a fluid pressure mechanism for operat 
ing a clutch, means in said fluid pressure mecha 
nism for aSSuring a rapid build-up of pressure 
during the initial period of application of pres 
sure to actuate said clutch followed by a slow 
build-up of pressure during the later period of 
said pressure application, said means comprising 
a branched conduit for feeding pressure to said 
clutch, an unrestricted opening in One of said 
branches and a restricted opening in the other 
of said branches, a check valve operable to close 
said unrestricted opening at a predetermined 
pressure under the maximum pressure available 
to operate said clutch, whereby said unrestricted 
opening is closed by operation of said check valve 
at a pressure below said maximum and a pressure 
flow is required to pass through said restricted 
opening in the opposite branch thereby requiring 
a slow build-up of pressure during the remainder 
of the time required to attain the maximum pres 
sure available in said system. 

15. In a power transmitting system for auto 
mobiles, an engine, a throttle for controlling the 
engine, a clutch, fluid pressure means for actu 
ating said clutch comprising means for gradu 
ating the actuating pressure in accordance with 
throttle position, and thermostatic means for 
varying the relation between the clutch actuat 
ing pressure and throttle position. 

16. In a fluid pressure Operated automatic 
transmission mechanism having a pressure con 
trol valve for varying the pressure used to actu 
ate said transmission in proportion to the extent 
of the throttle opening, a member indicative of 
the extent of throttle opening connecting said 
throttle with said pressure control valve, and a 
thermostatic element associated with said con 
necting member to vary the effect of the move 
ment of said connecting member in proportion 
to variation in temperature conditions, 

17. In an automobile having a throttle for con 
trolling engine output, an accelerator for Oper 
ating said throttle, a fluid pressure actuated 
clutch, connections between said clutch and said 
accelerator whereby the actuating pressure for 
said clutch is varied in accordance with said ac 
celerator position, and thermostatic means to 
maintain a definite relation between engine Out 
put and clutch application for any position of 
said accelerator regardless of changes in tem 
perature. . 

18. In a fluid pressure operated transmission 
for an automotive vehicle using throttle control 
position as one of its control elementS, a mem 
ber indicative of position of said throttle control, 
a pressure control valve operated by said throttle 
control to provide fluid under higher pressure at 
greater throttle openings and lower pressure at 
smaller throttle openings, comprising a valve 
stem actuated by said throttle control position 
indicative member, a valve controlling fluid, a 
spring mounted to urge said valve toward closed 
position and mechanism operated by said stem to 
vary the compression of said spring thereby to 
allow said valve to open at varying pressure 
thereby to change the pressure in the system in 
proportion to a movement of Said valve stem and 
said throttle control position indicative member. 
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a synchronizer of the type operated by sliding 
movement of a collar, the first movement of which 
brings two surfaces infrictional contact for bring 
ing rotating parts to the same rotative speed and 
by the use of greater pressure moves said collar 
to effect a positive engagement of the rotating 
parts, operating means for moving said collar 
comprising a fluid pressure operated piston 
mounted in a housing having a cylindrical Open 
ing providing for inlet of fluid pressure on one side 
of said piston and outlet of fluid pressure on the 
opposite side of said piston for producing move 
ment thereof, a member connecting said piston 
with said collar and a resilient connection between 
said member and said piston whereby said piston 
is allowed to move independently of said member 
by action of fluid pressure on said piston followed 
by a relatively fast movement of said member 
when said resilient connection has been com 
pressed by said piston movement thereby to move 
said collar for completing positive engagement of 
said rotating parts. 

20. A transmission for automobiles having a 
plurality of gear ratio combinations and a plu 
rality of clutches the successive actuation of which 
renders said gear ratio combinations successively 
operable, characterized by automatic mechanism 
for successive operation of Said clutches includ 
ing mechanism to regulate the rate of release of 
said clutches and further mechanism operable 
independently of said clutch release mechanism 
for effecting application of said clutches. 

21. In an automatic fluid pressure transmis 
sion for an automotive vehicle comprising fluid 
pressure operated clutch means, means for auto 
matically Operating said clutch means to render 
said transmission operative including a speed re 
sponsive device and means for actuating it in ac 
cordance with variations in vehicle speed a throt 
tle actuating means, control means for said 
fluid pressure operated clutch means, connections 
between said throttle actuating means and said 
control means for causing increase in clutch op 
erating pressure in accordance with increased 
throttle opening and connections between said 
Speed responsive device and said control means to 
prevent disengagement of said clutch means when 
the vehicle is travelling above a predetermined 
speed irrespective of the extent of throttle open 
ing and automatically to permit complete release 
of said clutch means when the speed of said ve 
hicle drops below said predetermined speed. 

22. In an automatic fluid pressure transmis 
Sion for an automotive vehicle having an engine 
and a throttle therefor, comprising fluid pressure 
operated clutch means, means for automatically 
operating said clutch means to render said trans 
mission operative including a speed responsive 
device and means for actuating it in accordance 
with variations in vehicle speed, control means 
for said fluid pressure operated clutch means 
including a pressure control valve for maintain 
ing an effective fluid pressure, connections there 
from to said throttle to vary said pressure in 
accordance with variations in throttle openings, 
and connections between said speed responsive 
device and said control means to prevent disen 
gagement of said clutch means when the vehicle 
is travelling above a predetermined speed and 
automatically to effect complete release of said 
clutch means when the speed of said vehicle 
drops below said predetermined speed irrespective 
of the position of said throttle. 

23. In a vehicle equipped with propelling means 
19. In a mechanism for automatic operation of 75 driven from a throttle-controlled engine, the 
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combination of a clutch interposed between said 
engine and said propelling means, said clutch in 
cluding driving and driven parts frictionally en 
gageable to establish a driving connection be 
tween said engine and said propelling means, 
said clutch also including a motor actuatable to 
frictionally engage said clutch parts when Sub 
jected to fluid pressure varying from atmospheric 
pressure and with a firmness constituting a func 
tion of the variance of said pressure, a source 0 

S 

2,899,554 
for fluid at a pressure varying from atmospheric 
pressure, valve means connected between said 
source and said motor, and means for adjusting 
Said valve means coordinately with the engine 
throttle to control communication between said 
source and said motor and thus control the pres 
sure to which the motor is subjected as a func 
tion of the degree of throttle advancement. 
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